Objective: To evaluate the association between hypertension and β-blocker (BB) use and antepartum depression risk. Patients and Methods: We conducted a retrospective cohort study of women who delivered within our integrated health system between 2009 and 2015, and completed an Edinburgh Postnatal Depression Scale (EPDS) during pregnancy. Increased depression risk was defined as EPDS score ≥ 10, or an affirmative answer to question ten, endorsing self-harm. Antepartum hypertension was determined by blood pressure measurements and provider ICD-9 codes. Regression analyses examined the independent associations of BB use and hypertension on antepartum depression risk. Results: Of 9192 deliveries during the study time frame, 5% were hypertensive. Within the hypertensive group, 103 (22%) used a single agent BB (BB Group), 325 (68%) required no antihypertensive medication (No-Med Group), and 48 (10%) used a non-BB single agent or multi-agent therapy (All-Other Group). After adjusting for covariates, compared to normotensive pregnancies, antepartum hypertension was significantly associated with both EPDS score ≥ 10 (adjusted odds ratio [aOR] 1.61, 95% confidence interval [CI] 1.17 -2.21) and endorsement of self-harm (aOR 1.76, 95% CI 1.05 -2.95). In further analyses of depression risk in hypertensive pregnancies, there was no difference between the BB Group and No-Med Group (EPDS score ≥ 10, aOR 1.22, 95% CI 0.56 -2.63; self-harm, aOR 0.84, 95% CI 0.32 -2.21), or between the All-Other Group and No-Med Group (EPDS ≥ 10, aOR 1.42, 95% CI 0.57 -3.54; self-harm, aOR 1.04, 95% CI 0.29 -3.74). Conclusion: Women with antepartum hypertension have increased risk for depression and thoughts of self-harm. β-Blocker use is not associated with further increased risk. 
Introduction
Depression and hypertension constitute two major morbidities of pregnancy.
Depression is the most frequent mood disorder in the general population, and the prevalence of depression increases during pregnancy, likely impacting more than 12% of women during the second and third trimesters [1] [2] [3] . Hypertension is estimated to impact up to 10% of pregnancies worldwide and is a major contributor to maternal mortality [4] [5] . In 2006, 8% of deliveries in the United States were affected by hypertensive disorders [6] . Previous studies have suggested interplay between these morbidities, such that a diagnosis of hypertension increases risk of developing depression, and vice versa [7] [8] . The association between anti-hypertensive medications and depression has also gained public health interest. Some research in non-obstetric populations suggests that β-blocker (BB) use may be associated with depression and depressive symptoms [9] [10] [11] [12] .
Initial concern linking depression and beta-adrenergic antagonists was generated in 1967, whereupon Waal reported a particularly high incidence of depression in a cohort of patients using propranolol, a highly lipophilic beta-blocker (BB), for antiarrhythmic therapy [11] . Since this initial report, numerous studies have further investigated, with mixed results, the depressogenic effects of BBs.
The existence of beta-adrenergic receptors within the brain and cross-talk between BBs and serotonergic receptors in the brain yields biologic plausibility to the relationship between depression and beta-blockers [13] . Importantly, while evidence linking individual BBs with depression is mixed, a majority of studies encompass elderly, predominately male patients with a history of heart disease.
β-Blockers include one class of antihypertensive medication used for the treatment of hypertension in pregnancy, with the mixed alpha and non-selective beta adrenergic antagonist labetalol considered a first-line agent for treating hypertension [5] . To our knowledge, no study has evaluated the associations between BB use and depression during pregnancy. Given the increased incidence of depression and hypertension in pregnancy, the morbidity these diagnoses pose to a woman and her pregnancy, and non-obstetric literature raising concern for a possible association between BB use and depression, we set out to explore this association in pregnancy. Herein, our hypothesis is that BB use and hypertension during pregnancy are independently associated with increased depression risk in pregnancy. The EPDS survey is part of routine prenatal care in many obstetric practices within our Health System and is typically administered in the late second trimester. This 10-question survey is validated for depression screening in pregnant and postpartum patients [3] . Each question is scored from 0 to 3, with a total possible score ranging from 0 to 30. Questions assess feelings during the prior seven days. For this study, increased depression risk was defined as a score of 1 -3 on question number ten, which assesses for self-harm, or a total score greater than or equal to 10, a cutoff chosen to achieve a balance of sensitivity and speci- The primary independent variables in this study are BB use and hypertension diagnosis. Hypertension during pregnancy was determined by blood pressure criteria and physician International Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM) codes. Women were deemed to have hypertension with systolic blood pressure greater than or equal to 140 mmHg and/or diastolic blood pressure greater than or equal to 90 mmHg, on two occasions at least six hours apart during pregnancy. Women with hypertension were also identified via outpatient and inpatient physician ICD-9-CM codes for preeclampsia (642.4, 642.5, and 642.6), gestational hypertension (642.3 and 642.9), chronic hypertension (642.0, 642.1, and 642.2) and superimposed preeclampsia (642.7). Preeclampsia is defined by new onset hypertension and either proteinuria or end-organ damage in a woman who was previously normotensive. Gestational hypertension defines new onset hypertension, without proteinuria, after 20 weeks gestation. Chronic hypertension during pregnancy is a term encompassing women with pre-existing hypertension prior to pregnancy or within the first 20 weeks of gestation. Superimposed preeclampsia occurs when a woman with chronic hypertension develops worsening hypertension, proteinuria, or features of end-organ damage [5] .
Patients and Methods
Women diagnosed with these hypertensive disorders of pregnancy and those women meeting blood pressure criteria as outlined above were all included in the hypertensive group. The normotensive group comprised the remaining women. Medication use was determined by issued prescriptions. Hypertensive women with a prescription for a single-agent BB dated ≥ 7 days prior to completing the EPDS survey were classified as the BB Group. This time interval was selected to encompass the 7-day period addressed in the EPDS. A single-agent BB script issued less than 7 days prior to EPDS was considered a non-exposure. Hypertensive women not requiring an anti-hypertensive agent were classified as the No-Med Group. All other hypertensive women, including those using alternate single-agents or multiple anti-hypertensive agents with or without a BB, were classified as the All-Other Group. Alternate anti-hypertensive medications included calcium channel blockers, thiazide diuretics, and antiadrenergic agents. Treatment and medication choice was per provider discretion.
To determine the association between hypertension in pregnancy and depression risk, normotensive pregnancies were compared to hypertensive pregnancies. To assess the association between BB use and depression risk, the BB Group was compared to the No-Med Group, and the All-Other Group was compared to the No-Med Group. Evaluated co-existing medical conditions included diabetes, thyroid disorder, and renal disease, which were ascertained via ICD-9-CM codes. Medication use was determined by an active prescription at the time of EPDS assessment. Corticosteroids were included for evaluation as this class of medication may induce mood symptoms [16] . Both hypo-and hyperthyroidism can be associated with depression, thus thyroid medication use was included for analysis. Finally, anxiety and depression requiring medical management were assessed by evaluating for benzodiazepine and antidepressant use [16] . Lifetime antidepressant use was also evaluated as a marker of depression significant enough to require medication, and this was determined by an antidepressant prescription at any historical point prior to EPDS assessment. Body mass index (BMI) information was captured at the EPDS visit.
Continuous variables were summarized as mean ± standard deviation. The normality assumption for continuous variables was assessed using the Shapiro-Wilk test. Continuous variables were compared by Kruskal-Wallis test or Analysis of Variance. Categorical variables were summarized as frequencies and percentages and compared by Chi-square test or exact Chi-square test. Multivariable logistic regression analysis was conducted to compare depression scores among groups, with adjustment of those confounders determined to be significant. A confounder was retained in the model if it changed regression coefficients by more than 15%. Adjusted odds ratios (aOR) and 95% confidence intervals (CI) were reported for pair-wise group comparisons. P values were adjusted for multiple comparisons. Statistical analysis was performed on SAS 9.3 (Cary, NC) on a Windows platform. A P value < 0.05 was considered statistically significant.
Results
During the study period, there were 14,492 deliveries within our integrated health system. Deliveries without an associated antepartum EPDS and those without antepartum data were excluded from analysis, leaving 9,192 pregnancies for analysis (Figure 1 ). Of these pregnancies, 95% (n = 8716) had no documented hypertension, while 5% (n = 476) were hypertensive. There was no difference between normotensive and hypertensive groups in gestational age at the time of EPDS assessment (25.7 ± 4.6 and 25.5 ± 5.8, respectively, P = 0.153). Of the hypertensive group, 22% (n = 103) were prescribed a BB for blood pressure control at least one week prior to antepartum depression screening (Figure 1) . Labetalol was the BB utilized for 94 of these women. Figure 1 . Analysis populations. Hypertensive women not requiring an anti-hypertensive agent were classified as the No-Med Group, those with a prescription for a single-agent BB dated ≥ 7 days prior to completing the EPDS survey were classified as the BB Group, and those using alternate single-agents or multiple anti-hypertensive agents with or without a BB, were classified as the All-Other Group. BB: β-blocker.
Demographic subject characteristics are presented in Table 1 . Women with hypertension were significantly older than the normotensive group, and they were more likely to be African American and publicly insured. Clinical characteristics are presented in Table 2 . Hypertensive women were more likely than normotensive women to be obese, deliver prior to 37 weeks, smoke tobacco, and have concomitant chronic medical conditions (inclusive of diabetes, thyroid disorder, renal impairment). They were also more likely to be using an antidepressant at the time of EPDS.
We evaluated the association between antepartum hypertension and depression risk. In univariate analyses, compared to normotensive pregnancies, hypertensive pregnancies had significant increased risk of EPDS ≥ 10 and endorsement of self-harm (Table 3 ). This significant association remained present in multivariate analyses. After adjustments, hypertensive pregnancies had significant increased risk of EPDS ≥ 10 (aOR1.61, 95% CI 1.17 -2.21), and significant increased risk of endorsing self-harm (aOR 1.76, 95% CI 1.05 -2.95).
We next evaluated the relation between BB use and depression risk. In pregnancies with hypertension, comparing the BB Group (n = 103) to the No-Med Group (n = 325), there was no difference in EPDS ≥ 10 or in thoughts of self-harm (Table 3) . Furthermore, again among hypertensive pregnancies, comparing the No-Med Group (n = 325) to the All-Other Group (n = 48), there was also no difference in depression risk (Table 3) . Thus, anti-hypertensive use in general, and particularly BB use, does not appear to be associated with depression risk in our cohort. (18) 82 (25) 21 (20) 13 (27) BB: β-blocker, SD: Standard Deviation.
Discussion
This retrospective study showed a significant association of hypertension during pregnancy and increased risk of depression and thoughts of self-harm. We found that BB use among those with hypertension is not associated with increased antepartum depression risk.
The association between hypertension and depression is supported by previous prospective studies in both obstetric and non-obstetric populations [7] [8] [17] [18] . While these studies are limited in evaluating specific cause and effect, various mechanisms have been proposed to explain the interplay between hypertension and depression. For example, depression increases sympathetic nervous system tone [19] . Additionally, numerous studies link inflammation to depression in non-pregnant adults [20] [21], yet pregnancy-specific studies are notably less consistent in the association between inflammatory markers and depression [22] [23] . Our findings further support the association between hypertension and depression in pregnancy, and they strengthen the need for further mechanistic studies.
With regards to depression and BB use, previous studies have both supported and refuted the depressogenic effects of BBs [9] [24] . The first report to raise concern over depression and BB use was published by Waal in 1967 [11] . This (10) 86 (26) 27 (26) observational study reported a particularly high incidence of depression in a cohort of patients using propranolol, a highly lipophilic BB, for antiarrhythmic therapy. Follow-up studies detected a significantly higher use of anti-depressants in patients taking BBs compared to patients taking other anti-hypertensives [25] , and an increased relative risk of 2.6 of antidepressant prescriptions subsequent to BB use [10] . These studies notably found that the youngest BB users (aged 20 -44) had the highest rates of anti-depressant use. More recently, several randomized controlled trials evaluating depression as a secondary outcome of BB use have reported a significant increased risk of fatigue, though a lack of association with depression [26] . Conversely, Liu and colleagues' prospective study revealed worsened depressive symptoms in congestive heart failure patients treated with metoprolol [12] . These studies notably consisted of relatively elderly and predominately male subjects with heart disease. Furthermore, not all studies evaluated depression through validated questionnaires or interviews. Recently, Ringoir and colleagues conducted a cross-sectional study evaluating depression and BB use in 573 primary care hypertension patients without prior myocardial infarction or heart failure [9] . This group evaluated depression through a structured interview that included the validated Patient Health Questionnaire 9 (PHQ-9). The authors found that lipophilic BB use is significantly independently associated with depression.
Mechanisms have been proposed to explain the biologic plausibility of how BBs may be associated with depression [13] . β-Adrenergic receptors are found within the brain. β-Blockers have also been found to signal through serotonergic receptors in the brain, receptors that directly influence mood. Additionally, BBs may act non-specifically to influence mood through cellular membrane stabilization or via peripheral nervous system changes. Labetalol is a widely used BB during pregnancy, owing to its long track record of safety in pregnancy [5] [27] . Oral labetalol has a 1:3 α-to β-blockade ratio [28] . Agents with α-blocking properties likely preserve uteroplacental blood flow and are preferred to selective BBs, which are associated with fetal growth restriction and small for gestational age neonates [29] . In many studies revealing a positive association between BB use and depression, a common thread seems to be the association with highly lipophilic β-antagonists. Labetalol has low lipid solubility [30] , possibly helping to explain the negative association between BBs and depression in our study. Notably, while labetalol is a first-line antihypertensive during pregnancy, it is not widely used in the general population. Limitations of our study include its retrospective design, which limits cause and effect determinations. Additionally, medication use was identified from prescribing information. Compliance with medication use was not indepen- with chart review, and particularly high concordance with hypertension diagnoses, supporting the accuracy of our EHR [31] . To insure that we captured women who met criteria for gestational hypertensive disorders, we utilized both ICD-9-CMcodes and blood pressure criteria over the course of pregnancy. This strategy allowed for careful identification of women with hypertensive disease, though it limits subgroup analyses by type of hypertension. Strengths of our study include the large sample size, the ability to categorize women by hypertension and BB use, and the validated EPDS tool utilized to assess for depression risk. Additionally, our 5% incidence of hypertension in pregnancy is in line with
United States population estimates of antepartum hypertension [6] . Combating peripartum depression is paramount to a healthy pregnancy. Reducing depression begins with effective screening. Our findings here emphasize the need for extra attention to depression evaluation in those women with hypertension during pregnancy. In addition to universal depression screening during the perinatal period, as recommended by the American College of Obstetricians and Gynecologists [3] , additional depression screening in women with antepartum hypertension may be appropriate. Prospective studies are needed to help elucidate causality. Further investigations are also needed to define more precise benefits of depression screening along with optimum management strategies in screen-positive women. Reassuringly, BB treatment of hypertension does not appear to be associated with depression risk.
